The difficulties in sectioning frozen biological objects for electron microscopic investigations are overcome by Steere's freezing-etching method. In order to test this method and to open up a wide field of application, the new freezing-ultramicrotome has been designed. The apparatus consists of the combination of an ultramicrotome with freezing-drying and shadow-casting installations in the same vacuum container. The preliminary results show, on the one hand, the practicability of all preparational steps and, on the other, that it is possible to resolve internal structures of cell organelles and even macromolecular patterns.
A. INTRODUCTION
In an endeavor to produce as few preparation artifacts as possible during fixation, dehydration, and embedding, investigators have repeatedly tried to section biological objects in the frozen state. In the attempt to produce such sections usable for electron microscope purposes, however, great difficulties are encountered: sections of 1000 A thickness Or less are rarely obtainable because of the brittleness of ice; the object and knife become covered with an interfering hoarfrost; and the customary collection of sections on a fluid surface is impossible because of the necessity of maintaining sections in the totally frozen condition. These problems of preparation technique can be overcome with the help of the freezingetching method introduced by Steere (6) : the frozen object is cut down to a point which is of interest; from the block surface a thin layer of ice is removed by sublimation in high vacuum, and from the object field exposed in this way a replica is obtained by means of carbon-reinforced heavy-metal shadowing. The replica is detached from the object and used for investigation in place of a thin section.
B. THE MICROTOME
The constructive solution presented in this communication consists essentially of the combination of an ultramicrotome with freezing-drying and shadow-casting installations in the same vacuum container. For the production of a smooth surface the portion of the object which is not required must be removed as a series of thin sections. This must be done because of the physical properties of ice. For this reason a stable microtome with the finest reproducible advance mechanism has been developed. Cutting in high vacuum inhibits hoarfrosting and, together with precise vacuum and temperature measuring instruments, permits exact control of the sublimation rate. Replicas of highest resolution are obtained by using a platinum-carbon mixture as the shadowing material. This mixture also presents the essential advantage of requiring a very short evaporation time (1 to 2 seconds), and thus a minimum of radiated heat reaches the object.
The fundamental member of the freezinguhramicrotonae apparatus is a high-vacuum evaporation unit (type BA 500) of the Ger/itebauAnstalt, Balzers, Liechtenstein (Fig. 1) A built-in optical device enables microtome adjustment and cutting to be checked. It permits observation either with the naked eye or at 5-fold FIGURE 1 The high-vacuum evaporation unit. On the desk beside the bell the following additional instruments are placed: galvanometer, high-vacuum measuring apparatus (10 -2 to 10 -s mm. Hg), and the second connection of the thermocouple in an ice-water mixture. Total view of the microtomc (without thc inlet pipe) and of the shielded evaporating units for shadow casting (center lcft) and carbon reinforcement (center right). 
C. FIRST RESULTS
The first results obtained with this microtome are of technical interest and show the practicability of all preparational steps.
Cutting:
Owing to the thermal fine advance it is possible to get sufficiently flat-cut faces, although the "cutting" is rather a fine splintering. Using ice only, the replicas show structureless, smooth and shell-like surfaces.
Sublimation:
By exact control of the vacuum and the object temperature, any determinable thickness of ice may be removed down to a lower limit of about 100 A. Sublimation starts immediately after the last cutting and is interrupted by the sudden drop in vacuum at the onset of shadowing. For best experimental conditions the temperature of the object must be constant during cutting, sublimation, and shadow casting. It should not exceed by more than 10°C. the temperature of that ice whose saturation vapor pressure is equal to that of the experimental vacuum (condition for no sublimation). Higher temperatures, causing excessive rates of sublimation, hinder the condensation of the shadowing material on the object surface and prevent the formation of a continuous layer.
Example of Sublimation
Experimental vacuum* Temperature of ice with the same vapor pressure Object temperature Vapor pressure of ice at object temperature Rate of sublimation 3 X 10 -~ mm.Hg --106°C. Under these conditions, 1 minute and 40 seconds are thus required to remove a layer of ice 1000 A thick. This has been proved by our experiments. Side view of the bell enclosing microtome, freezing table, and optical equipment (1:5). 
Replication:

Problems of Application:
The surface replicas of a few frozen-etched objects shown in Figs. 8 to 15 illustrate the application of this method. In order to get an insight into the problems of interpreting the results and of developing adequate freezing techniques for biological objects, some preliminary tests have been made, using distilled water and solutions of rock salt and of sugar: as shown in Fig. 8 , the etched surface of ice is covered with "warts" having a diameter of 100 to 200 A. We have not yet been able to determine whether these forms indicate a real fine structure of ice or are caused by the inclusion of foreign particles in the crystals. It is unlikely that this structure is due to a condensation of gases remaining in the vacuum, because it does not appear under conditions for no sublimation. It is obvious that these formations may interfere with object structures of the same size. The crucial problem which limits at present the application of freezing methods is the accompanying demixing of solutions: if the temperature is lowered below the freezing point, this process begins with the formation of ice crystals. The loss of pure water causes a concentration of the residual solution, and finally a eutectic mixture remains between the ice particles. This eutectic mixture may be crystallized as seen in a frozen 10 per cent rock salt solution (Fig. 9) or amorphous as in a 10 per cent sugar solution (Fig. 10) . The successful application of the freezing-etching method for histological and cytological investigations depends very much on the elimination or at least reduction of this demixing, because the main source of artifacts is the disorganization of the fine structure by growing ice crystals. This extensive problem, also encountered with ordinary freezingdrying methods (Miiller, 4), has so far by no means been solved; but as we have already discussed elsewhere (Moor, 3) , there are good possibilities of practical success.
The micrographs (Figs. 11 to 13 ) of crosssections of a green alga (Distigma) demonstrate that the freezing-etching method is capable of showing the internal structure of cell organelles: the tubuli in mitochondria, for instance, are clearly visible (Figs. 11, 12 ). In the field of the investigation of nuclear structures, a new approach seems possible by our method: as seen in Fig. 13 , the nucleus of a Distigma cell (superficially sectioned)
shows a distinct network of fibrils. In certain cases we are able even to resolve macromolecular patterns, for instance, the macromolecular paracrystalline lattice of insect viral polyhedral bodies (Figs. 14, 15 ). These micrographs do not show the usual "shadowing" effect on the crystal surface and thus we assume that the nucleation of the shadowing material had occurred with preferential formation of nuclei in relation to the crystal structure.
FIGURES 8 TO 15
All specimens were frozen slowly on the freezing table.
FIGURE 8
Etched surface of frozen distilled water: the slightly visible crystal faces are covered with "warts" of unknown origin. X 17,000. Frozen-etched l0 per cent rock salt solution: between the big ice crystals lies the eutectic mixture, composed of crystallized rock salt and water. X 5700.
FIGURE 10
Frozen-etched 10 per cent sugar solution: the ice crystals are surrounded by an amorphous eutectic mixture. X 5700.
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Generally, we think that this method should enable us to determine once and for all whether the freezing of tissues is as excellent for finestructure preservation as it appears to be.
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